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EXECUTIVE SUMMARY

Current scenarios call for troops to subsist on operational rations as
their sole source of food for extended periods of time. Prior to this study it
was not known whether this could be done without compromising troop effective-
ness. In August/September 1983 the U.S. Army Natick Research and Development
Center conducted a field study of the effects of prolonged feeding Meal, Ready-
To-Eat (MRE) operational rations during an extended field training exercise (34
days) with troops from the 25th Infantry Division at the Pohakuloa Training Area
on the big island of Hawaii.

The protocol for the field test was coordinated with the Office of The
Surgeon General and satisfied the criteria established in concert with Training
and Doctrine Command and the Quartermaster School. Two combat support companies
participated in the field test. One company subsisted solely on MRE operational
rations. The other company was fed an A ration breakfast, an MRE lunch and an A
ration dinner. Data on food acceptability, physical symptoms, mood, morale,
perceptions of leadership, food preferences, body weight, and perceptions of the
MRE were collected from all the men in both companies prior to the exercise and
at selected time points during the exercise. In addition, within each company
30 volunteers underwent more intensive testing, and in these individuals the
following measures were taken: body weight, height, body fat, food intake,
water intake, nutritional status as indexed by blood levels of selected
nutrients, body fluid status as indexed by urine volume, urine osmolality and
hematocrit, and cognitive and psychomotor performance. With the exception of
body fat and food intake, these measures were taken prior to the exercise, and
on days 11/12 and 23/24, approximately one—third and two—thirds of the way
through the exercise, and on day 34, at the end of the field test. Body fat was
measured prior to the exercise and at its termination. Food intake was measured
three days a week throughout the exercise.

In general, the MRE items were very well received by the troops in both
companies with average acceptability scores of 7.05 for the MRE group and 6.48
for the control group on a nine—point hedonic scale. The MRE group also rated
the MRE higher than the control group rated comparable hot A ration meals.,

There was no indication of a decline in the acceptability of the MRE over the 34
days of the field test, The MRE was rated higher for lunch and dinner than it
was for breakfast.

Although these high ratings indicate that the items consumed by an
individual were highly acceptable to him, an examination of the consumption data
for each of the food classes reveals that of the items distributed, the
following percentages were actually eaten by the troops: entrees - 687, starch
items - 60%, spreads - 47%, fruits — 51%, desserts - 50%, beverages - 27% and
condiments and candies - 26%.

The final questionnaire about the MRE was consistent with the acceptability
data. It revealed that the troops were generally satisfied with the ration's
taste, appearance, variety, and ease of preparation. Their ratings of the



amount of food the ration provided were in the neutral range and more detailed
questions indicated that they felt that the portion sizes of some components
were too small. Responses to the questionnaire also revealed three potential
areas in which the ration could be improved: (1) The troops indicated that the
entree and the dehydrated fruit portion sizes were too small. (2) The MRE group
indicated that they liked the ration better for lunch and dinner than for
breakfast. (3) The troops overwhelmingly indicated that they wanted more
variety in the beverages that were included in the ration.

Despite its high acceptability and the troops' satisfaction with the
ration, the MRE was not consumed in sufficient quantity. Daily caloric intake
averaged 2,189 calories for the MRE group and 2,950 for the control group. Both
values are considerably below the recommended level of 3600 calories for opera-
tional rations. The MRE group showed a decline in daily caloric intake over the
course of the field test, whereas daily caloric intake tended to remain stable
in the control group.

The low food intake did not appear to be due to dissatisfaction with the
sensory properties of the ration (taste, smell, appearance) or to thirst-induced
anorexia., Water intake of the MRE group was somewhat lower than that of the
control group (2657 mL/day versus 3132 mL/day), but was not low enough to
produce increased reports of thirst or significant changes in the monitored
indices of body fluid status (urine volume, urine osmolality, hematocrit, and
hemoglobin). Rather, the low food intake in the MRE group appears to result
from several factors, including loss of appetite, absence of scheduled meals,
small portion—-size of highly rated and consumed entree items, lack of breakfast
items in the ration, and the limited variety of beverages in the ration.

. The major consequences of the low food intakes were body weight loss and
some vitamin and mineral intakes that were below recommended levels. The maj-
ority of troops in both companies lost weight during the 34-day field test (69
of 71 in the MRE company and 57 of 68 in the control company), but the men in
the MRE company lost significantly more weight than those in the control company
(8.1 pounds versus 4.6 pounds). Both groups had intakes of niacin and mag-
nesium that were below the recommended levels, while the MRE group also had
intakes of riboflavin, calcium, and iron that were below recommended levels.

The other measures that were taken to evaluate any effects of prolonged
feeding the MRE or any possible effects of nutritional deficiencies that devel-
oped did not reveal any major differences between the two companies. The
questionnaire data on the incidence of physical symptoms showed that the two
groups showed similar profiles of complaints and discomforts during the field
test, but of the 67 possible symptoms on the questionnaire, the two reported at
the highest frequency were: "I feel good" and "I feel alert.” There were,
however, two important food-related symptoms that were reported at a higher
frequency by the MRE group. The MRE company reported that they had lost their
appetite and that they experienced gas pressure more frequently than the
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control group. The MRE company did not differ from the control company on any
of the six mood scales, and both companies showed a considerable improvement in
their mood scores during the field test., 1In a similar manner, the two companies
did not differ from one another on measures of morale and perceptions of leader-
ship, These latter ratings were positive and remained stable over the four data
collection points.

The performance of the troops in the two companies did not differ on a test
battery of cognitive and psychomotor tasks. The test battery included tasks
which measured eye—~hand coordination, speed of gross arm movements, accuracy and
speed of aiming at stationary and moving targets, reaction time, memory scanning
rate, short term memory capacity, speed and accuracy of coding digits into
symbols, grammatical reasoning, and the speed and accuracy with which simple
arithmetic problems are solved. Within the MRE company, the performance of the
individuals who lost the most weight (greater than 7% body weight loss) did not
differ from the performance of those who lost the least amount of weight during
the field test.

Despite the low levels of food intake, nutritional status (as indexed by
measures of hemoglobin, hematocrit, plasma albumin, plasma total protein, serum
vitamin C, serum folate, plasma pyridoxal phosphate, serum retinol, and serum
zine) did not reveal significant differences between the two companies or values
that were outside the normal range. Plasma albumin and total protein were
consistent with adequate protein status, Values for serum Vitamin C were normal
throughout the field trial. Values for retinol were at the upper range of
normal levels. Serum folate values fell during the field test in both
companies, but in neither company did this value fall below normal limits.
Plasma pyridoxal phosphate concentrations remained unchanged during the field
test in the control company, but rose above normal levels in the MRE company.
Serum zinc remained within normal limits in both companies. With the one
exception that troops fed solely the MRE lost more weight than troops fed two
hot meals daily, the data on selected blood constituents indicate that
nutritional status was not compromised by subsistence on the MRE for 34 days.



PREFACE

The present study was conducted by the Behavioral Sciences Division of the
Science and Advanced Technology Laboratory at Natick R&D Center. A study of
this scope and complexity is not completed successfully without the support and
cooperation of many individuals. At the Center we were fortunate to have the
full support and encouragement of both the Commanding Officer, BG James Hayes,
and the Technical Director, Dr. Robert Byrne, who gave us the mandate to do a
complete and thorough studv of the effects of prolonged feeding of operational
rations. We hope our effort fulfilled this forward looking mandate. Dr.

Hamed M. El-Bisi, our laboratory director, backed their support with his own
enthusiasm and drive. We were also fortunate in receiving support and guidance
on a continuing basis from the Office of The Surgeon General. MG Garrison
Rapmund and his able nutrition staff officer, LTC David Schnakenberg provided
timely counsel and support in regard to nutritional assessment and the medical
monitoring of this study. At the 25th Infantry we encountered only a "can do"
attitude that emanated from their commanding general, MG William Schneider, and
spread through his staff, to the brigade commander of the participating troops,
COL Cooper and to the test subjects themselves. We would particularly like to
express our appreciation to CW4 James Sifford, the 25th Infantry Division's
project officer for this study and his assistant SFC Robert LoPresto. Their
experience in military food service and their ability to meet commitments in a
timely and efficient manner made this study a reality. CPT Sae Tuia served as
our capable liaison with the brigade. The commanding officers of the two
participating companies CPT Ronald Benton and CPT Kevin Shea, led by example and
by ability. The first sergeants of the two participating companies Jim
Cacoulidis and S. Fauaa made our test plan a reality. The participating troops
were always where they told us they would be at the appointed hour, even if the
appointed hour was breakfast at 0330 hrs. Finally we cannot over—emphasize the
level of cooperation and good spirit that characterized the men of the 1/21st
Combat Support Company and the 1/35th Combat Support Company. Without their
cheerful willingness to be probed, poked and questioned, the information
contained in this report, which provides the basis for future combat field
feeding regimens and a data base for improving operational rations of the
future, would not exist.

Personnel from University of Hawaii participated in this study under
contract DAAK-83-C-0052, They were responsible for collecting data on nutrient
intakes, nutritional status and hydration which appears in Chapters 4 and 7 of
this report. They were ably assisted by G. Carey, K.W. Chan, R. Cunningham, M,
Hennessey, and R. Worthley in computer analysis; J. Davis, W. Kuhlmeyer, A.
Lerma, and A, Yamamoto in data collection, In addition to the authors of this
report a number of Natick personnel were involved in conducting this study
including Barbara L. Bell, Dr. Barbara Edelman-Lewis, Joanne Moy, Charlene
Slamin and Robert L. Swain. We gratefully acknowledge their support.

Project Officer for the US Natick R&D Center was Dr. Edward Hirsch. The
study was performed under Project Number 1L162724AH99,
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THE EFFECTS OF PROLONGED FEEDING
MEAL, READY-TO-EAT (MRE) OPERATIONAL RATIONS
CHAPTER 1
INTRODUCTION

Current military scenarios call for troops to subsist on operational
rations for extended periods of time. It is currently not known whether this
can be accomplished without compromising troop effectiveness. Current policy on
duration of use of combat rations advises that the Meal Combat Individual (MCI)
ration should not be used as the sole source of food for more than 10
consecutive days,

In the near future the existing stocks of MCIs will be depleted and the
Meal, Ready-to-Eat (MRE) will be the Army's operational ration. There are
reports indicating that this ration is acceptable to troops over a 7-day period
and that it is preferred to the MCI.1,2 The ration is formulated to meet the
nutrient requirements of young adult males. The central unanswered question is
whether this ration 1§ sufficiently palatable and provides enough variety to
sustain adequate levels of nutrient intake when it is the sole source of
sustenance for periods of 30 to 60 days.

The MRE is composed of 30 food items, two beverages, a cream substitute,
assorted candies, condiments and a gravy base (see Appendix A). These compo-
nents are divided into 12 menus with repetition of some items other than entrees
across the 12 menus. The components are contained in a flexible retort pouch
and can be eaten hot or cold. Seven of the food items are meant to be rehy-
drated, but they can be eaten without adding water. Three MRE pouches provide
3600 calories and meet the known requirements for all nutrients.

The limited number of foods in the 12 menus in conjunction with the fact
that, on the average, each meal will be repeated every four days raises the
possibility that food monotony will develop when this ration is fed as the sole
food source over an extended period of time., Some investigators have found that
both food intake and food acceptability decline when limited menus are
offered.3:4,2,6 In addition to the possibility of a food monotony effect, the
study investigated whether some components of the MRE were not sufficiently
palatable to the soldier to be consumed. The rejection of some components of
the ration may lead to inadequate energy intake, consumption of a nutritionally
imbalanced diet or inadequate vitamin and mineral intakes, due to the patterns
of diet fortification and food selection.

The present experiment was designed to evaluate the effects of prolonged
feeding the MRE to troops engaged in an extended (34 days) field training exer-
cise. Given the nutritional quality of the MRE and the possibility of food
monotony developing, the acceptability and the consumption of the MRE were
regarded as the primary measures. Accordingly, the most frequent and intensive
measurements focused on these variables. In addition, a series of measures were
taken to assess any possible harmful consequences of consuming this diet or of
not eating sufficient amounts of it or of choosing foods from the ration in such
a manner that inadequate amounts of specific vitamins or minerals were consumed.
These secondary measures included: mood, morale, cognitive performance,



psychomotor performance, physical symptoms, body weight, body fat and
nutritional status as indexed by the circulating levels of selected blood
constituents, In addition, water intake and body fluid status were measured to
provide a basis for evaluating whether thirst and/or dehydration contributed to
or caused inadequate food intake if this outcome developed.



CHAPTER 2
GENERAL METHOD
Overview

The design and execution of this field study on the effects of prolonged
feeding of MRE combat rations were guided by two general considerations,
First, we regarded the acceptability and consumption of the MRE as the primary
measures and any possible changes in troop performance, morale or general
well-being as results of low acceptability and inadequate consumption.
Accordingly, the most frequent and intensive measures focused on food
acceptability and consumption. Second, we designed the study to model as
closely as possible the manner in which troops actually eat in the field. For
this reason the troops were not in the field solely to be tested. They were
there for training. The training program enabled the test to simulate the
rigor of combat and also kept the troops sufficiently busy so that what they
were eating was not the major focus of their day. In some instances the
training schedule led to minor departures from the initial test plan. These
changes were not serious and did not compromise the study. Departures from
the initial test plan consisted entirely of schedule changes so that some
measures were taken at approximately equal intervals rather than at exact
intervals.

Three other consequences of our attempt at creating a test that attempted
to model how troops feed in the field were the decisions to: a) allow troops
to trade food items, b) to distribute the 12 menus in the MRE randomly and c)
to provide the troops with hot sauce for their food. The first two decisions
clearly mimic the manner in which troops feed in the field. 1In the instance
of the hot sauce we also felt that by providing this item we would reduce the
likelihood of having the troops bring outside sources of food into the field
(a practice strictly forbidden). The design of the field test was coordinated
closely with the command group of the participating troops so as not to
interfere with the actual training mission of the field exercise. The testing
schedule was set up around the training requirement, and in some cases the
training mission dictated when and what type of measures could be taken.

Design

Two combat support companies from the 2nd Brigade of the 25th Infantry
Division participated in the test. The experimental company, 1/35th CSC,
subsisted for 34 days on the MRE as their sole source of food. The control
company, the 1/21st CSC, was fed a hot A ration breakfast, an MRE lunch and a
hot A ration dinner. The MRE company was issued three MRE meals at the
beginning of each day and was free to consume the components during the course
of the day as time permitted, The control company was fed their hot breakfast
and dinner meals at scheduled times. The actual times of eating for the control
company varied from day to day. On some days the troops were fed the hot meals
in the area of a mess tent, whereas on other days the hot meal was brought in
mermite containers to the location where the troops were training. ©On the days
that the control company was training in the general vicinity of the mess tent,
beverages including coffee, fruit juice and milk were available at nonmeal

3



times. The control company was given its MRE meal after breakfast and was free
to consume it during the remainder of the day. 1In all other ways the two
companies were equivalent and were tested in the same manner and at the same
freguency.

Test Subjects

All the troops from both companies participated in the test including the
NCOs and the officers. Within each company a subsample of 30 men volunteered to
undergo more intensive testing (urine and blood analyses, food and water intake,
cognitive and psychomotor performance testing). The daily level of physical
activity of a typical soldier in a combat support company is best characterized
as moderate. The majority of troops spend their day in a vehicle and typically
do not engage in extended running or movement on foot.

Test Site

Baseline testing took place at Schofield Barracks, Oahu, where the 25th
Infantry Division is based. The field test took place at the Pohakuloa Training
Area (PTA) during August/September 1983, The elevation at PTA is approximately
6,000 feet. The terrain is rugged, dry and dusty except for heavy morning mist
at elevations higher than base camp. The climate is warm (70-859F) during the
day and cool at night (40-60°F). The site is remote from towns, thereby
minimizing the availability of outside sources of food. Subjects remained in
the field exercise area except for the three mornings when the volunteers in
each company came to the base camp. On these mornings physiological and
psychological data were collected.

Procedure

Ten days prior to the start of the field test, data on food preferences,
self-reports of physical symptoms, mood, morale, perceptions of leaders and body
weight were gathered from all the men in both companies. These measures, with
the exception of body weight, were repeated three times during the field test at
approximately equal intervals (Tl = days 11/12, T2 = days 23/24 and
T3 = days 33/34) with the two companies tested on successive days. In addition,
on these same days, within each company the volunteers underwent additional
testing and on these individuals the following measures were taken: body
weight, skinfold thickness at several sites, nutritional status as indexed by
blood levels of selected constituents, body fluid status as indexed by urine
volume, urine osmolality, hematocrit and hemoglobin, and cognitive and
psychomotor performance. Height was also measured in the volunteers prior to
the study so that percent body fat could be computed from the height, weight and
skinfold thickness measures using the standard Army Medical Department (AMEDD)
procedure,

Food intake, water intake and food acceptability were measured in the 30
volunteers in each company during four test periods. The four test periods
consisted of days 8-9-10 (Period A), 15-16-17 (Period B), 21-22-23 (Period C)
and 31-32 (Period D). Food acceptability data were also collected from another
15-30 men in each company at each meal on the days that consumption and
acceptability data were collected from the volunteers.
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Table 1 shows the testing schedule for both the entire group and for the 30
Detailed descriptions of the
tests employed and the methods used to gather the data and to analyze it are

volunteers who were studied more intensively.

described in detail in each of the following chapters of this report.

TABLE 1. Testing Schedule for Prolonged Feeding of

Meal, Ready-To-Eat (MRE) Rations.

MEASURES FREQUENCY
1 ~ Food-related Measures
a. Food preference 4%
b. Food acceptability 11 days
c¢. Food and water
consumption 11 days
2 - Nutritional Status
a. Body weight 4x
2X
b. Anthropometry
height,skinfold
thickness 2X
c. Body fluid status 4X
d. Blood constituents 4%
3 - Clinical Symptoms
a. Symptoms checklist 4x
b. Weekly availability

of physician

4 - Psychological Tests

a.

Cognitive & Psychomotor
Performance

Mood

Morale & Perceptions
of Leadership

4X

4X

4X

WHEN
Baseline, T;,T9,T3
Periods A,B,C,D

Periods A,B,C,D,

Baseline, Tj,T2,T3
Baseline, T3

Baseline, T3
Baseline, T1,T9,Ty

Baseline, Ty,T2,T3

Baseline, Ty;,T2,T3

Baseline, T3,T3,T3

Baseline, T;,T7,T3

Baseline, Ty,T2,T3

SAMPLE

100 %

100 %

Volunteers

Volunteers
Nonvolunteers

Volunteers

Volunteers

Volunteers

100%

Volunteers

100%

100%



CHAPTER 3

BODY WEIGHT AND PHYSICAL SYMPTOMS

Summary

Troops fed the MRE as their sole source of food lost more weight (average =
8.1 pounds) than the company fed an A ration breakfast, an MRE lunch and an A
ration dinner (4.6 pounds). The questionnaire data on the incidence of physical
symptoms revealed that the two groups presented similar profiles of complaints
and discomforts during the field test. There were, however, two important food-
related symptoms that were reported at a higher frequency by the MRE group. The
MRE subjects reported that they had lost their appetite and that they
experienced gas pressure more frequently than the control subjects. The self-
report data also clearly indicated that the MRE subjects felt good and that they
were not debilitated in any sense,

1. Introduction

In evaluating a ration two of the more fundamental criteria that should be
addressed concern whether the troops are able to maintain their body weight and
whether the ration makes them sick or uncomfortable in any manner. 1Illness or
discomfort or the appearance of physical symptoms could result from eating the
ration or from not consuming it in sufficient quantity to meet nutritional
needs. This chapter examines changes in body weight and reports of physical
symptoms in troops fed the MRE as their sole source of food for 34 days and in
troops fed hot meals for breakfast and dinner and an MRE for lunch.

2. Method

Body Weight

The protocol called for body weight to be measured in all men in the MRE
company and all the men in the control company prior to the start of the field
training eXercise and at its termination. 1In addition to measures at these time
points, body weight was detérmined for the 30 volunteers in both companies on
days 11/12 and 23/24, approximately one third and two thirds through the 34 day
test. This information allowed us to compute the rate of weight change in those
individuals who were tested more intensively. Weight was measured indoors by
two individuals using leveled balances (model 230 Health O Meter, Continental
Scale Corporation, Bridgeview, IL) resting on a hard floor and protected from
air currents. Foot and headgear and any heavy pocket contents were removed and
weight was read to the nearest 0.25 lb (and later converted to the nearest 0.1
kg). The balances were calibrated with 5 kg weights before each use.

Physical Symptoms

The physical symptoms checklist developed by the United States Army Research
Institute of Environmental Medicine (USARIEM) was administered to all the men in
both companies prior to the exercise and on days 11/12, 23/24 and 34 (Appendix



B). The number of troops who were tested at all four time periods was 59 in the
MRE company and 34 in the control company. The loss of subjects occurred for a
number of reasons including: improperly filled out forms, emergency leave,
troops who joined the company in the field late or who were not part of the
company at the start of the test, troops who were on a special assignment on the
test day and troops who were on sick call. Only the data from troops who were
present and handed in correctly filled out forms were used in the analysis of
the physical symptoms data.

3. Results and Discussion

Weight Loss

The vast majority of troops in both companies lost weight during the 34-day
exercise, In the MRE group 69 out of 71 soldiers who were weighed at the
beginning and end of the exercise lost weight. In the control company 57 out of
68 troops lost weight. The maximum weight loss in the MRE company was 18.75
pounds and in the control company the maximum was 14.5 pounds. The average
weight loss in the company fed solely MREs was 8.1 pounds and in the control
company weight loss averaged 4.6 pounds. Analysis of variance of the weight
loss data revealed that the group difference in absolute weight loss was highly
sifgmiftieant (FC1,132) = 21,23, g < 0.001).

An examination of the weight-loss data with an individual's status as a
volunteer for more intensive testing or as a nonvolunteer revealed that within
both companies the volunteers lost more weight (F(1,132) = 5.60, p < 0.05).

This effect was more pronounced in the MRE company as indicated by a significant
statistical interaction between diet and volunteer status (F(1,132) = 3,90,
p < 0.05) in the analysis of variance (see Table 2).

TABLE 2. Absolute Weight Loss (Pounds).

MRE CONTROL

X X
Volunteers 10.36 4.72
Nonvolunteers 6,80 4.41

One problem with an analysis of absolute weight loss is that there were
initial differences in the body weights of the four groups. Prior to the
exercise, the volunteers in the MRE group weighed significantly more than the
MRE nonvolunteers (volunteers = 173.73, nonvolunteers = 163.46, (3(68) = 2,02, p
< 0.05). 1In the control company the initial difference in body weight was much
smaller and was not statistically significant (volunteers = 169,86, non-
volunteers = 168.38). 1In both companies there was some pressure exerted by the’
company commander to induce the troops with weight control problems to volunteer
for more intensive testing during the study. Apparently the company commanders
believed that the more intensive testing would increase the level of surveil-
lance and limit any nonissued food these soldiers could obtain. Their
perception of the situation was not correct; all the troops in both companies
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were monitored and limited to issued food, but the commanders' influence
produced groups that were not identical in terms of initial body weight.
However, it should be re—emphasized that the initial starting weight of the MRE
group (168.6 lbs) did not differ from that of the control group (166.8 lbs) and
the overall influence of diet on weight loss is significant.

In order to circumvent interpretive difficulties, the body weight data were
also analyzed using percent body weight loss as the dependent measure (Table 3).
The analysis of variance of the relative weight loss data revealed the same
pattern of results as the absolute weight loss data, except some of the effects
were marginally significant rather than clearly significant by standard
statistical critical ( alpha = 0.05)., The MRE company lost a greater
percentage of their initial body weight (F(1,132) = 24.31, p < 0.001) but on
this measure an individual's volunteer status had only a marginally significant
effect (F(1,132) ~ 3.85, p = 0.052). Similarly, the statistical interaction
between diet and volunteer status was marginally significant CEQLT329 ' .71 ;
= 0.075). These analyses show that even after correcting for differences in
initial body weight the company fed MREs lost more weight than the control
group, volunteers lost more weight than nonvolunteers and the effect of being a
volunteer was more pronounced in the MRE company.

TABLE 3. Percent Body Weight Loss.

MRE CONTROL

X X
Volunteers 5.8% 2.6%
Nonvolunteers 4,1% 2.5%

Why did the volunteers lose more weight than the nonvolunteers and
presumably show more of a reduction in their caloric intake? 1In this instance
we think that the initial difference in the composition of the groups is
responsible. Recall the the MRE volunteers were the heaviest group at the
beginning of the study. The correlation between initial body weight and
absolute weight loss when computed for all the men in both companies was

= -0.491 (p < 0.01). The heaviest troops lost the most weight during the
f1e1d test. This correlation becomes even more striking when computed for the
volunteers in each company. This correlation was r = -0.659 (p < 0.01) for the
volunteers in the MRE company and was r = -0.634 (R < 0.01) for the volunteers
in the control company.

Rate of Weight Loss

Figure 1 shows that the rate of weight loss in both companies was sharpest
during the first 12 days in the field. During this period the MRE volunteers
lost 3.4% of their initial body weight and the control volunteers lost 1.3%.
During the second 11 day period the MRE volunteers lost another 1.0% and the
control volunteers 0.9%. Finally, during the last ll-day period the MRE
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Figure 1. Mean Percent Body Weight Loss By MRE Group And
Control Group.




volunteers lost another 1.4% and the control volunteers 0,4% of their initial

body weight. It appears that weight loss was quickly approaching an asymptote
in the control group but was still continuing to decline at a rate of slightly
more than 1% per 12 day period in the MRE group.

In summary, the troops fed the MRE as their sole source of food and the
troops fed an A ration breakfast, MRE Lunch, and an A ration dinner both lost
weight during the 34 days., The troops fed the MRE lost more weight and at a
faster rate than the control group. The magnitudes and rates of weight loss
vere entirely commensurate with levels of daily caloric intake in the volunteers
of both companies (see Chapter 4).

It is clear that the MRE group lost more weight than the control group and
this weight loss was due to inadequate food intake (see Chapter 4). Was sub-
sistence on the MRE also associated with other bodily discomforts and increased
reports of physical symptoms?

Physical Symptoms

Two analyses of the physical symptoms checklist were attempted and reject-
ed. The scaled values of the 67 symptoms were rejected as the dependent measure
because the data were badly skewed. Instead, a binary measure, the presence/or
absence of a specific symptom, was used in all analyses. Also a factor analysis
of the 67 symptoms did not yield clear groups of symptoms. Analyses were
therefore performed on each of 67 symptoms.

Linear and quadratic codings of the four time points were used to create
variables that would reflect trends over time in the incidence of the reported
symptoms. Differences in these trends between the MRE and the control group
were assessed by means of t-tests. T-tests were also used to compare the
average percentage of troops in each company who reported a particular symptom
during the three measurement points in the field.

Table 4 lists each symptom and the percentage of troops in each company who
reported this symptom during the baseline measurement at Schofield Barracks and
the average percentage who reported this symptom at the three measurement points
during the field test (days 11/12, 23/24 and 34). Casual inspection of this
table gives the overall impression that these were basically healthy troops
whose discomforts in the field did not differ dramatically from the baseline
level at Schofield Barracks. This impression is supported by decreases in the
level of many symptoms during the troops' time in the field and by the fact that
77% of the troops in both companies reported that they "felt good" (item 67).

A closer statistical examination of these data revealed a small number of
cases, 6 out 0f 65 possible symptoms, on which the percentage of troops in the
two companies reporting the presence of the symptom differed significantly.
There was a somewhal larger set of symptoms for which the two companies showed
significantly different trends over the four measurement points. Table 5 lists
each symptom that showed a significant group difference in the average
frequency, the linear component of the trend, or the quadratic component of the
trend. For these differences to be meaningful within the design and context of
this study, the next column indicates whether the frequency was significantly
higher than the baseline level; and the last column indicates whether the
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TABLE 4. Percentage of Troops Reporting Symptoms.

SYMPTOM BASELINE FIELD TEST
MRE (N = 59)  CONTROL (N = 34) MRE (N = 59) CONTROL (N = 34)

[
—

2
23
24
25
26
27
28
29
30

% SEM X SEM X SEM X SEM

Lightheaded 22.0 i Sk 4 38:2 t Bl Bb A2 20.6.  ** 5.3
Headache 39.0 + 6.4% 17.6 + 6.6 22.6 + 4.0 13.7 + 4.2
Sinus pressure 0.8 ¥ 53 20.6 + 7.0 47.5 + 4.8% 2950 1%
Dizzy 13.6 + 4.5 20,6 + 7.0 19.2 =+ 3.6 12.8 +
Faint g45 4 347 8.8 + 4.9 118 [ #2.9 Ly &
Vision is dim 15.3 + 4.7 23.5 + 7,4 12,4 + 3.6 12,8 + 4.9
Coordination is off 18.6 * 5.1 6.5 * 7.7 20.7 . % 4.6 16.7 *+ 4.5
Short of breath 16.2 + 4.0 5.9+ 4,1 16,1 + 3,7%x 35.3 + 6.4
Hard to breathe 1.9+ 42 5.9+ 4,1 8.0 .89 1.6 " Sl
Hurts to breathe Biad) stz 1307 2.9+ 2.9 4.0 * 1.6 7.8 + 3.7
Heart is beating fast 17.0 + 4.9 8.8 + 4.9 7.3 0+ 2.4 11.8 + 4.2
Heart is pounding 10.2 + 4.0 5519 & 4nal LRaY  #35l 6l THRBR
Chest pains 10.2 + 4.0 14.7 + 6.2 6.2 .1 128 = 4.9
Chest pressure 10.2 + 4.0 a7 % 11642 29 o ds 11.8 # 4.9
Hands shaking 1750 % 49% 35:3 1 8.3 17.0 + 4.0 23.5 + 6.4
Muscle cramps 1186 + gl B2 & T2 15,3 i 3ns 10.8 + 4.2
Stomach c;amps 11.9 + 4.2 14,7 + 6.2 T2 | =202 9.8 + 4,1
Muscles tight 45.8 + 6.5 ifad + o 8.6 26wl X083 25.6 * 6a8
Weak 35.6 + 6.3 2ty + 7.9 32.2, -+ 4ub 28:8 . ¥ S
Legs or feet ache 322 H Buul 39:2 h 8.5 U 19.6 + &yl
Hands, arms,

shoulders ache 37.9 + 6. 14,7 + 6.2 ST 22.6 + 6.1
Back aches 42,4 + 6, 12,1 + 5.8 2+ 4,7 29Lir &[5
Stomach aches 8.5 + 3.7 14,7 + 6.2 .7+ 1.8 8.8 + 4.1
Nauseous 6.8 + 3.3 14,7 + 6.2 .9 +2.0 9.8 * Sgd
Gas pressure 10.2 + 4.0 T2 75 % 16D «1 * 5.4 2515 w6l
Diarrhea b 157 8.8 + 4.9 28 H2ad 4.9 + 2.1
Constipated O 01 Um0 O=0r &y " Qa0 o8 nE Sl o'el T 24w
Urinate more 8IS i B 8.8+ 4.9 &% e sk 18R A0 dnndu
Urinate less B2l gk 3 SET 4y 6 S .9+ 2.9%x 4,0 + 1.9
Feel warm 39.0 + 6.4 265 it 747 a1 el 16.7 %
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311
342
33
34
35
36
87
38
39

40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61

TABLE 4.
SYMPTOM
MRE (N
%
Feverish 15.8 +
Feet sweaty 27,6 +
Sweating all over 19.0 +
Hands cold 178 b
Feet cold 0.0 +
Feel chilly &
Shivering 0.0 +
Parts of body numb  10.5 *
Skin burning or
itching 103

Eyes irritated
Vision blurry
Ears blocked up
Ears ache

Can't hear well
Ears are ringing
Noses stuffed up
Runny nose

Nose bleeds
Mouth dry
Throat is sore
Coughing

Lost my appetite
Feel sick
Hungover

Thirsty

Tired

Sleepy

Couldn't sleep

Concentration is off

More forgetful

Worried or nervous

19.3
13318

5.2

5.2
15.5

6.9
20.7

5.2

0.0
24.1
22.4
25.9
18.8
13.8
20.7
60.3
70.7
62.1
37.9
32.8
19.0
33.3

1+ 1+ 1+ 14+ {1+ {4+ 14+ 14+ [+ 1+ 1+ I+ 1+ 1+ |+ |+ 1+ 1+ 1+ [+ |+ |+ 1+
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BASELINE

59)

CONTROL (N = 34)

X

8.8
20.6
8.8
2.:9
8.8
2.9
2.9
14.7

14.7
29.4
11.8
11.8

8.8
17.7

5149
20.6

549

0.0
26.5
14.7
17.7
11.8
17.7
21.2
47.1
44,1
47.1
38.2
32.4
29.4
35.3

[+ 1+ 1+ 1+ 1+ |+ 1+ [+

T I+ 1+ 1+ 1+ 1+ |+ 14+ [+ I+ 1+ 1+ 1+ 14+ 1+ 1+ |+ |+ |+ 1+ [+ 1+ |+

SEM

4.9
7.0
4.9
Ads
4.9
249
2.9
6.2

6.2
7.9
5.6
5.6
4.9
6.6
4.1
7.0
4.1
0.0
7:7
6.2
6.6
5.6
6.6
7.2
8.7
8.6
8.7
8.5
8.1
T
8.3
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14,
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= 59)  CONTROL
SEM 5
2ol 4.9
3.2 20.6
‘1.6 259
4, bz 52.9
4, 445 50.0
4.0 39.4
2.0 10.8
27l 157
5.7 5.9
4,3 23.2
3.5 12.8
81.5 10.8
243 7.8
4.0 14.1
3.9 10.8
4.4 38.2
4.5 47.5
&0 2.9
2.9 11.1
.7 20.6
4.5 28.4
4, 7k 6.9
2.6 ST
1.0 19.6
4, 3k 12.8
4.8 35.3
4.7 33.3
4.8 25.3
4.5 19,6
4.6 16.7
3.6 20.6
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62
63
64
65
66
67

TABLE 4. Percentage of Troops Reporting Symptoms. (Cont'd)
SYMPTOM BASELINE FIELD TEST
MRE (N = 59) CONTROL (N = 34) MRE (N = 59) CONTROL (N = 34)
¥ SEM X SEM X SEM b2 SEM
Feel irritable 2953 ¥ 640 DA By BEE 7.0, B 24.5 +
Restless 37.9 + 6.4 23.5 + 7.4 29.2 + 4.6 26,5 + 5.9
Bored 59.6 + 6.6 55.8 + 8.6 40.1 + 5.0 48.0 +
Depressed 42.1 + 6.6 23.5 + 7, 30.2 + 4.5 34,3 +
Alert 7047 & 640 85.3 + 6.2 69.8 + 3.8 76.5 + 5,
Feel good Tl 65 5iiS 88.2 *+ 5.6 77.4 + 3.9 .5

Asterisks indicate

significant differences between the groups for the baseline

measure or for the average of the three data collection points in the field.

% P < 0.05

Yo st E < (0.01
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symptom can reasonably be related to the quantity of food consumption. To
further clarify these differences, the upper half of the table lists the
symptoms that were reported more frequently by the MRE group when the absolute
difference was significant. In addition, the upper portion of this table lists
cases where the trend differed between the groups, and the MRE group showed an
increase in the incidence of the symptom relative to the control group, or was
increasing at a faster rate, or was decreasing at a slower rate. The lower half
of the table presents the same information for those symptoms where the control
group showed higher levels of the symptom.

Examination of the upper portion of Table 5 reveals that there are only two
symptoms which differed between the groups and also met the criteria that their
level in the field was higher than the baseline and that they were food-related.
Symptoms that satisfied these conjoint criteria included: "I have gas pressure",
and "I have lost my appetite." 1In regard to the increased incidence of "I have
gas pressure', it should be noted that the control company also showed a
significant increase in the frequency with which they reported this symptom.

The other three food-related symptoms which appear in the upper half of
Table 4 "I have diarrhea," "I have to urinate less" and "I am thirsty" are more
difficult to interpret. The symptom "I have diarrhea" appears on this list
because there was a significant difference in the linear component of the trend
between the two groups over time. Both groups showed a small increase in the
frequency with which they reported this symptom at the first data collection
point in the field relative to their own baseline level. The MRE group
continued to report this symptom at approximately the same frequency at the last
two measurement points whereas the control group showed a sharp decline in the
incidence of this symptom at these latter points. Similarly, the important
food-related symptom "I am thirsty" appears on this list because the MRE group
reported it at a higher frequency than the control group during the field test.
The frequency in the field was lower than the baseline at Schofield Barracks and
both groups showed a decreasing trend in the frequency with which they reported
this symptom at the three data collection points in the field. A similar
pattern exists for the symptom "I have to urinate less.'" The MRE group reported
this symptom significantly more frequently in the field than the control group
but the frequency did not differ from their baseline level of reporting at
Schofield Barracks. This self-report data is consistent with the monitored
physiological indices of body fluid status (see Chapter 8). The MRE group
consumed less fluid, had lower urine volumes and higher urine concentrations
than the control group. Although all these differences are consistent with
modest dehydration, the group differences were not statistically reliable., 1In
addition, measures of hematocrit and hemoglobin failed to differentiate between
the two groups.

Several of the other symptoms that appear in the upper portion of Table 5
("I am lightheaded," "I feel faint," "My coordination is off" and "I am more
forgetful'") are possibly food-related in the sense that insufficient caloric
intake could underlie this cluster. However, it should also be noted that the
group differences in these four symptoms are relatively small and it is the
differential pattern over time which differed between the groups.
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The other symptoms which appear in the upper portion of Table 5 ("I have
sinus pressure,' "My back aches," "I feel feverish'" and "I have a runny nose')
may represent a minor infection that was more prevalent in the MRE company.

The most striking aspect of the lower portion of Table 5 in regard to the
issues of interest in the present study is the complete absence of any symptoms
which are even remotely related to food. 1In general, the control company showed
two clusters of symptoms at higher levels than the MRE company. One cluster ("I
am short of breath" and "It's hard to breathe'") are altitude-related. The
second cluster ("My hands are shaking," "My hands are cold," and "My feet are
cold'") are temperature-related. The higher incidence or the differential
pattern of reporting these altitude and temperature related symptoms over time
in the control group are consistent with the fact that during the field test the
control company was operating at a somewhat higher and cooler elevation. The
other three symptoms in the lower portion of Table 5 ("My hands, arms or
shoulders ache," "My vision is blurry," and "I am bored") are not easily
classified or interpreted. 1In regard to thesge three symptoms it should be noted
that the group differences were relatively small and it was the pattern over
time that differed between the two groups.

In summary, the physical symptoms data suggest that there were minor
differences between the two companies in terms of the frequency with which they
displayed symptoms related to food. The two most important differences in this
area are the fact that the MRE company reported that they had lost their
appetite and that they experienced gas pressure more frequently than the control
group. However, these self-report data also clearly indicate that the MRE
troops were not debilitated in any sense and that they felt good.
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Chapter 4

FOOD, WATER, AND NUTRIENT INTAKES

Summarz

This chapter provides detailed information on food, water, and nutrient
intakes as well as a comparison of two dietary data collection methods, one that
relies on estimations made by the subject, and one based upon weighings made by
the University of Hawaii field team,

The mean daily intakes of energy, and carbohydrate and fat, which are major
sources of energy, were noticeably insufficient (below 80 percent of the Surgeon
General's nutritional standards for operational rations (NSOR)) in the
experimental group. Fror the majority of the minerals the intake was extremely
low. There was a downward trend with time over the four measurement periods
with little day-to-day fluctuations. The control group consumed the MRE-A
ration combination in sufficient quantities (at or above 80 percent NSOR).

There was no visible trend over time, but there were considerable day-to-—day
fluctuations in nutrient intakes. 1In general there were highly significant
differences in energy and nutrient intakes between the two groups.

For MRE meals, the results from the estimated and weighed methods of data
collection correlated highly and there were essentially no significant
differences between means obtained by fhese two methods. For A ration meals,
the results from the two methods did not correlate highly and there were
significant differences between the results obtained by the two methods. The
estimated method can be used to measure nutrient intake from MRE rations with a
high degree of accuracy.

Tabulation of individual food items eaten in the MRE ration provided an
estimate of actual acceptance or, conversely, food waste. 1In the experimental
group, consumption exceeded 50% of those items distributed in the entree, starch
and spread classes only, whereas in the control group consumption of all items
in the entree, starch, spread, fruit and dessert classes did not fall below 54%.

1. Introduction

The central question in this experiment is whether troops fed the MRE as
their sole source of food find it sufficiently palatable and varied to consume
it in sufficient quantity over an extended period of time. The data considered
in Chapter 3 revealed that troops fed the MRE as their sole source of food lost
more weight than troops fed a hot breakfast and dinner and an MRE for lunch,

The weight loss in both groups clearly suggests that energy intake was
insufficient. This chapter will examine in detail food intake during this study
to determine whether the weight loss can be attributed to low levels of energy
intake,

17



A secondary issue is whether the troops chose their food from the MRE in a
manner that led to inadequate levels of intake of specific nutrients, minerals,
or vitamins. This chapter will also examine this issue.

One possible explanation far low levels of caloric intake is that the
troops were thirsty and thirst-induced anorexia underlies the low food intakes
that developed. This issue is addressed in this chapter by providing
information on water intake during the field test and is more fully considered
in Chapter 7 where information on body fluid measures is presented.

Collecting direct measures of food intake in troops actively engaged in
training during a field exercise is difficult, time-consuming and very labor
intensive. In an effort to establish a simple, less time-consuming, measure of
food intake under field conditions, the present study compared a simple food
estimation technique to direct weighed measures of intake in the participating
troops.

2. Method

Test Subjects

The 2nd Brigade of the 25th Infantry Division provided two units -- 1-2lst
Combat Support Company selected as the control group, and 1-35th Combat Support
Company, selected as the experimental group. The control group subsisted on a
daily A-MRE-A ration cycle while the experimental group subsisted on the MRE
ration solely for all three meals. Within each company, a subsample of 30
volunteers was monitored for food and water consumption, on three consecutive
days per week, except for the final week with only two consecutive monitoring
days. In the experimental group, two subjects dropped out midway in the test
for reasons unrelated to the study and one subject did not participate due to an
emergency, resulting in a subsample of 27 volunteers. The four test periods,
comprising days 8-9-10, 15-16-17, 21-22-23, and 31-32 were designated as Periods
A, B, C, and D. (These periods do not correspond to Periods 1 through 4
designated under physiological data collection.)

Test Meals

The control group ate freshly prepared hot meals or A-ration breakfasts and
dinners together as a group, served on paper plates from a field kitchen at
specified times, whereas the MRE lunch, which was distributed after breakfast,
did not have a predetermined eating time and place.

The experimental group received three MRE menu packs in the morning and ate
all meals under relatively unstructured conditions. Each of 12 MRE menu packs
contained the equivalent of a dinner and was eaten for breakfast as well as
lunch and dinner.

Subjects were allowed to give away, receive, or trade items and to save
items from one meal to eat later in order to simulate actual field eating
conditions. In addition, the experimental group was allowed to use a "hot
sauce' freely for which no records were taken.
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Data Collection

Two methods for measuring food consumption were tested simultaneously. The
estimated method relied on estimations made by the subject, and the weighed
method based upon weighings made by the University of Hawaii (UH) field team
(evaluators).

The term "serving weight" refers to the weight in grams of one serving of
an item, e.g. an entree, beverage, starch. The serving weights of MRE ration
items were standardized by the manufacturer in each menu pack, whereas in the A
ration serving weights were controlled by serving instruments but varied with
individual servers. For the latter, five separate weighings were made in the
field and the average weight was designated as the serving weight of that item
for that meal.

Battery-operated electronic, top~loading Ohaus balances were used and
checked daily with standard weights to 0.01 gram.

As an estimated method subjects were instructed to check a list of food
items eaten and to circle the amounts, as servings or fractions of servings
eaten (to the nearest one—fourth of a serving) on cards distributed with each
meal. The cards were returned in small plastic bags with the leftover food (and
wrappers if MRE rations) in another plastic bag, properly identified. The
product of the serving weight and the amount, 'as servings or fractions of
servings eaten is the estimated consumption.

As a weighed method, UH evaluators recorded weights of leftover food, each
weighing checked by a second person. The difference between the serving weight
and the leftover weight is the actual consumption. 1In the control group the
evaluators recorded the number of servings taken when subjects were served. The
beverages left over from A-ration meals were measured in the field in graduated
cylinders whereas leftover solids were measured after each meal at the PTA base
camp. The MRE ration leftovers from lunch were collected by the company
personnel and weighed with the evening meal. 1In the experimental group all
leftovers were collected by the company personnel. Once or twice a day, a pick-
up was made by UH evaluators and weighings made at the base camp the same day,
or refrigerated overnight.

Some finer details of the methods for collecting dietary data are noted:
First, the weighed method was defined as determining foods eaten (1) by
calculating the difference between food taken and returned and (2) by a followup
with subjects when there were unaccounted-for items. In the control group this
involved visual food monitoring at the eating site for A ration meals but not
for MRE ration meals, and a followup as they gathered twice a day at the field
kitchen, thus providing access to all subjects. In the experimental group,
there was seldom any visual observation of meal consumption and very little
followup with subjects. There was limited access to subjects due to the
tactical situations, and it was not possible most of the time to followup on
unaccounted-for items.
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Second, the weighed method for MRE meals called for the presence of the
empty food wrapper or for a wrapper with uneaten food in it for that item to be
classified as eaten, The absence of either the wrapper or the food was recorded
as missing data (usually because the subject saved the food to eat later or gave
it away). Therefore, unless an item was returned or the researcher verbally
confirmed that the subject gave it away (in which case it would be recorded as
not eaten), the item was recorded as missing data. Every attempt was made to
account for each food item distributed in the MRE pouches in the data collection
effort. One possible consequence of this rigorous requirement for an item to be
counted as eaten is that actual consumption could have exceeded measured
consumption. This could have occurred if an individual ate the food item, threw
away the wrapper and either failed to record it on a food collection card or
forgot that he ate it when probed by the data collector.

A third method, which took information from both estimated and weighed
methods, was designated the combined data collection method and was calculated
by the computer. Essentially, the combined method identified items at each meal
not common to both the estimated method list and the weighed method list and
added them to the items on the list generated by both methods.

Water intake was monitored by asking subjects to record the number of one-
quart canteens of water consumed over 24 hours of each test day. Measuring of
canteen water consumption by the UH field team was not feasible since canteen
water is used for purposes other than drinking, e.g., brushing teeth.

Nutrient Composition. A nutrient factor file for the MRE ration items was
supplied by the U.S. Army Natick Research and Development Center (Appendix A).
The Office of The Surgeon General provided the Letterman Army Institute of
Research (LAIR) nutrient factor file for A ration foods. The nutritive values
of 25 items not on that list were either calculated from ingredients/components
or obtained from other sources.’.8,9,10,11,12,13

Nutrient Standards for Operational Rations were supplied by the Office of
The Surgeon General (Appendix C).

3. Results and Discussion

Overall, mean daily nutrient intakes by the control group were higher than
intakes by the experimental group with exceptions of thiamin and pyridoxine
(Table 6). The level of energy intake, and intakes of carbohydrate, fat, and
protein, which provide the energy, were insufficient to meet NSOR
recommendations in both experimental and control groups, with the exception of
protein intake in the latter (Table 7). Mineral requirements were adequately
met in the control group with the exception of magnesium, but were not
adequately met in the experimental group with the exception of phosphorus.
Vitamin intakes were remarkably high in both groups with the exception of
riboflavin and niacin in the experimental group. Total water intake was
adequate in the two groups. Generally there were highly significant differences
in the level of intake between the two groups with the exception of the intakes
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of sodium and vitamin A. Consumption trends over time were statistically
different with the intakes of the experimental group decreasing whereas the
intakes of the control group remained relatively flat. A discussion of each
table follows.

Table 6 provides mean daily intakes of energy and nutrients over the entire
period. Differences in energy and nutrient intakes between groups were assessed
with 2 (groups) x 1l (days) repeated measures analysis of variance. For all
nutrients except two, significant differences were found at less than 0.0015
level of significance; sodium and vitamin A levels were not significantly
different between the two groups. The mean daily intakes of the control group
were higher than intakes by the experimental group but the exceptions, thiamin
and pyridoxine (vitamin B) levels, although lower in the control group, still
met over 100% of the NSOR (Table 7).

The mean daily intake of energy and nutrients expressed as percentage of
NSOR provides another measure of examining differences between groups (Table 7).
In the experimental group, the percentage of NSOR met ranged from 55% to 244%
and in the control group from 74% to 257%. Intakes fell below 80% (an arbitrary
figure addressed below) as follows:

Experimental group:

fat, 61% iron 677%
carbohydrate, 56% magnesium, 55%
energy, 617 niacin, 77%

calcium, 72%
Control group:
carbohydrate, 747 magnesium, 74%

It should be noted that the MRE ration meals did not supply an average of 1/3
NSOR magnesium per meal, whereas 1/3 NSOR of other nutrients were supplied.

The frequency distribution of subjects within four intervals of mean daily
intake expressed as percent NSOR provides another approach to looking at
differences between the two groups {Table 8). The intervals 1/3, 2/3, and 3/3
were selected to correspond to the three meals per day eating pattern; other
intervals may be appropriate as well. Intakes of 68 to 100% and above 100%
occurred considerably more frequently in the control group than in the
experimental group. The same individuals had very high intakes (> 100%) of most
nutrients, subjects E3, €28, C7, etc., or very low intakes of several nutrients,
subject E6 (Table 9). Twenty-five out of 30 subjects in the control group had
intakes that met over 68% NSOR for all or nearly all nutrients in contrast to $
out of 27 subjects in the experimental group. Intakes of nutrients in both
absolute units and in percent NSOR for individual subjects are in Appendix D.
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TABLE 6. Mean Daily Intake of Energy and Nutrients (Combined Method):
Entire Field Trial.

Experimental Control

Energy and Nutrients Group Group F* P

Protein, g 81 114 48.34 0.0001
Fat, g o7 134 27.70 0.0001
Carbohydrate, g 267 325 14.56 0.0003
Energy, kcal 2189 2950 23.51 0.0001
Calcium, mg 579 1199 102.70 0.0001
Phosphorus, mg 1298 1868 3 559 0.0001
Iron, mg 12 19 69.123 0.0001
Sodium, mg 4744 4920 DEET 0.5439
Potassium, mg 2046 3747 114,99 0.0001
Magnesium, mg 220 297 28.55 0.0001
Vitamin A, IU 6837 7013 0.08 0; 7795
Ascorbic acid, mg 106 154 17.72 0.0001
Thiamin, mg 4.4 3.0 22.36 0.0001
Riboflavin, mg 148 2.6 50,38 0.0001
Niacin, mg 18.4 23.7 23.08 0.0001
Pyridoxine, mg 3.3 2.3 11.34 0.0014
Total food, g 719 2291 476.42 0.0001
Total food, dry wt., g 445 625 31.02 0.0001
H90 from food, g 274 1666 701.34 0.0001
H90 from canteen, g 2383 1462 34.40 0.0001
Total H90, g 2657 3132 8.23 0.0058

*Analysis of variance.
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TABLE 7. Mean Daily Intake of Energy and Nutrients (Combined Method) Expressed
as Percentage of Nutritional Standards for Operational Rations.*

NSOR! Experimental Group Control Group
Protein, 100 g 81 114
Fat, 160 g (max) 61 84
Carbohydrate, 440 g 56 74
Energy, 3600 kcal 61 82
Calcium, 800 g 72 150
Phosphorus, 800 mg 162 234
Iron, 18 mg 67 106
Sodium, 5000-7000 mg 68-95 70-98
Potassium, 1875-5625 mg 36-109 67-200
Magnesium, 400 mg 55 74
Vitamin A, 3333 1U 205 210
Ascorbic acid, 60 mg 177 257
Thiamin, 1.8 mg 244 167
Riboflavin, 2.2 mg 82 118
Niacin, 24 mg or NE 77 99
Pyridoxine, 2.2 mg 150 104

*Nutritional Standards for Operational Rations,
Office of The Surgeon General of the United States.
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TABLE 8.

Distribution of Subjects Consuming Different Levels of Nutrients
Expressed as Percentage of Nutritional Standards for Operational

Rations.

Experimental Group

Control Group

Energy and Frequency in Percent NSOR Interval Frequency in Percent NSOR Interval
Nutrients <33 34-67 68-100 >100 range <33 34-67 68-100 >100 range
Protein 0 6 17 4 40-111 0 1 2 27  54-138
Fat 2 17 7 1 23-113 0 2 26 2 36-105
Carbohydrate 2 20 4 1 21-116 1 6 22 1 27-106
Energy 1 18 7 1 24-114 0 3 26 1 33-109
Calcium 1 12 11 3 25-137 0 1 1 28 39-204
Phosphorus 0 1 3 23 60-288 0 0 1 29  93-286
Iron 0 12 14 1 35-110 0 1 6 23 53-140
Sodium 0 6 18 3 38-114 0 3 25 2 36141
Potassium 1 20 6 0  24-87 0 2 14 14 66-125
Magnesium 1 20 6 0 22-96 0 5 25 0 41-93
Vitamin A 0 3 2 22 60-438 0 0 1 29 79-291
Vitamin C il 2 2 22 29-401 0 0 0 30 139-368
Thiamin 0 0 1 26 82-470 0 0 2 28 74-237
Riboflavin 0 6 17 4 36~-133 0 1 2 27 44-143
Niacin 0 10 14 3 38-112 0 2 12 16  64-131
Pyridoxine 0 2 4 21 42-308 0 3 10 17 46-167
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TABLE 9. Distribution of Sixteen Nutrients Consumed by Each Volunteer
as a Percentage of Nutritional Standards for Operational Rations.

Experimental Group Control Group
Frequency in Percent NSOR Interval Frequency in Percent NSOR Interval
Subject <33 34-67 68-100 >100 Subject <33 34-67 68-100 >100
El 0 7 4 5 cl 0 5 6 5
2 0 9 2 5 2 0 6 7 3
3 0 0 2 14 3 0 1 4 11
4 i = = N 4 1 11 3 1
5 0 9 5 2 5 0 0 8 8
6 71 8 1 0 6 0 0 5 11
7 1 13 1 1 i 0 0 4 12
8 0 5 6 5 8 0 0 5 11
9 0 3 8 5 9 0 3 6 7
10 0 5 7 4 10 0 0 9 7
11 0 7 4 5 11 0 1 4 11
12 0 0 7 9 12 0 0 5 11
13 0 0 0 0 13 0 0 7 9
14 0 9 2 5 14 0 0 7 9
15 0 5 6 5 15 0 0 5 11
16 0 4 7 5 16 0 0 7 9
17 0 0 7 9 17 0 0 5 11
18 0 3 8 5 18 0 0 6 10
19 0 6 5 5 19 0 0 5 11
20 1 10 4 1 20 0 0 7 9
21 = =5 - - 21 0 2 7 7
22 0 5 6 5 22 0 0 7 9
23 Q 6 5 5 23 0 0 8 8
24 0 y/ 4 5 24 0 1 7 8
25 0 1 9 6 25 0 0 6 10
26 0 11 3 2 26 0 0 6 10
27 0 9 2 5 27 0 0 5 11
28 0 11 0 5 28 0 0 2 14
29 0 2 9 S 29 0 0 6 10
30 0 0 9 7 30 0 0 6 10
Total 9 155 133 135 1 30 175 274
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Insufficient energy intakes for the physical activity expended resulted in
weight losses of 10.36 and 4.72 pounds (4.7 and 2.1 kg) in the experimental and
control groups respectively. The low intakes are also possibly related to the
cluster of physical symptoms —— lightheadedness, feeling faint, coordipation off,
and forgetfulness reported in Chapter 3. The relationship between diet and selected
physiological parameters are reported in Chapter 7,

The nutritional standards for operational rations (NSOR) set forth by the
Office of The Surgeon General prescribe minimum amounts of nutrients that must be
present in a one-day ration at the time of consumption (unless the nutrients are
shown as a range or maximum level), If one were to interpret these standards to be
for the manufacturer and/or te be recommended intakes (as opposed to minimum
requirements), a somewhat lower intake may be adequate to sustain the troops. A
conservative estimate that 80% NSOR can sustain soldiers is extracted from weight
loss reported in Chapter 3, namely that weight loss was approaching an asymptote in
the control group during the last period when caloric intake was 80% NSOR, If
intakes are examined from this interpretation, inadequate nutrient intakes were less
pronounced.

Figures 2-20 show consumption trends over time for each of the measured
nutrients and Figures 21-23 present this same information for each of the four
dietary periods. There were significant differences between groups in the mean
daily intake of most nutrients. No significant differences were seen in certain
nutrients examined by periods:

Sept. 2-4: sodium, vitamin A, carbohydrate

Sept. 9-11: sodium, vitamin A, vitamin C, niacin, total water
Sept. 15-17: sodium, vitamin A, thiamin, pyridoxine, total water
Sept. 25-26: sodium, vitamin A, vitamin C

All periods: sodium, vitamin A

In the experimental group, intakes of all macronutrients, minerals except
phosphorus, and vitamins decreased. In the control group, intakes of macronutrients
fluctuated but the overall trend was a slight increase in intake over time with the
exception of protein. Note that the only nutrient intake above the recommended
level in either group was the control group protein intake. The mineral intake in
the control group remained essentially constant except the iron and phosphorus,
which decreased but still remained above the recommended levels. The general trend
in vitamin intake was a slight decrease in the control group.

The very high intake of most of the vitamins is attributed in part to
fortification of selected MRE ration items—-cocoa beverage powder with vitamin C and
thiamin; coffee with vitamin C; crackers with thiamin, riboflavin, niacin and
pyridoxine (vitamin Bg)--and relatively high frequency of consumption (64% of the
crackers and 50% of the cocoa distributed were consumed (Table 10), which accounts
for the high intakes, All vitamins except riboflavin and niacin in the experimental
group were well above NSOR.

26



1404
] /ﬁ—-*—* )&
1504 / \ \
i 7/
{1/ \ \
Y4 \ \\ I?‘
120- \ / \ II
I~ /
110 \ / \ /
a3 / \ /
: \ / \ II
] \ \
100 —— B L . ! /)“j X ,;
o . P Sy P
: : "ﬂ \‘““ \k \*/ \ i
n P “""Q \!
s 904 %
3 R
E ’ “‘ f“ “\ !
o % P .
80-5 “\ l'" \\
] '] ) S— B,
] g [
70-7: Sy oo Beeee. &
: |
60-]
50- ] S | t T 1 I 11 1 1 I
02 03 04 08 10 11 15 16 17 25 26
SEPT., 1983
LEGEND: GROUP w—+—¢ CONTROL a-o-0 EXPERIHENTAL
RECOHHENDED
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Control Group Using Combined Method.
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Figure 11.

Mean Daily Magnesium Intake for MRE Group and
Control Group Using Combined Method.
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Figure 13.

Mean Daily Intake of Vitamin C for MRE Group
and Control Group Using Combined Method.
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Figure 15. Mean Daily Intake of Riboflavin for MRE Group and
Control Group Using Combined Method.
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Figure 16.

Mean Daily Intake of Niacin for MRE Group and
Control Group Using Combined Method.
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Figure 19. Mean Daily Intake Of Water From Canteen for MRE Group
and Control Group Using Combined Method.
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Figure 21. Mean Daily Macronutrient Intakes for Each Dietary Period for
MRE Group and Control Group Using Combined Method.
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Figure 22. Mean Daily Mineral Intakes for Each Dietary Period
for MRE Group and Control Group Using Combined Method.
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Figure 23.

Mean Daily Vitamin Intakes for Each Dietary Period for

MRE Group and Control Group Using Combined Method.
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TABLE 10. Consumption of MRE Food Items by MRE Group and
Control Grouping Using the Estimated HMethod.

EXPERIMENTAL GROUP

Food Item¥* No. Of Items Items Eatend, B ok
Distributed No. Percent

ENTREE

Beef W/Barbeque Sauce 74 42 58
Beef W/Gravy 74 55 74
Beef W/Spiced Sauce 74 35 47
Beef Patties 74 53 72
Beef Stew 74 49 66
Chicken Ala King 74 52 70
Frankfurters 74 57 70
Ham/Chicken Loaf 74 45 61
Ham Slices 74 61 82
Meatballs W/Barbeque Sauce 74 67 91
Pork Sausage Patties 74 45 61
Turkey W/Gravy 74 58 78
STARCH

Crackers {(12) 891 572 64
Bean W/Tomato Sauce (3) 223 139 62
Potato Patty (2) 148 78 58
SPREAD

Cheese (5) 371 207 56
Jelly (3) 223 113 51
Peanut Butter (4) 297 105 35
FRUIT

Applesauce 74 45 61
Mixed Fruits 74 34 46
Peaches (2) 148 77 52
Strawberries (2) 148 66 45
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TABLE 10. Consumption of MRE Food Items by MRE Group and
Control Grouping Using the Estimated Method. (Cont'd)

EXPERIMENTAL GROUP

Food Item* No. Of Items Items Eatendi, s
Distributed No. Percent
DESSERT
Brownie (2) 148 74 50
Cherry Nut Cake 74 58 78
Chocolate-Covered Cookie (3) 228 114 51
Fruitcake 74 38 51
Maple Nut Cake 74 49 66
Orange Nut Roll 74 RY] 43
Pineapple Nut Cake 74 30 41
Chocolate Nut Cake 74 30 41
BEVERAGE
Cocoa Powder (7) 520 275 53
Coffee (12) 891 91 10
Cream Substitute (12) 891 259 25
Sugar (12) 891 225 25
OTHER
Catsup (3) 223 25 11
Gravy Base 74 24 32
Candy (All Kinds) (&) 297 94 32
(Chocolate Fudge) 74 34 43
(Chocolate Toffee) (2) 148 45 30
(Vanilla Fudge) 74 15 20
TOTAL 8383 3435 41

*Numbers 2 through 12 in parenthesis following an item, designate the
number of times an item appeared in a case containing 12 menu packs,
each with a different entree.

“vSee text for discussion of items not listed as eaten, e.g. gave away,
saved for later, ate less than half, returned unopened.

i Items were classified as eaten if one half or more were caten.

50



TABLE 10. Consumption of MRE Food Items by MRE Group and
Control Grouping Using the Estimated Method. (Cont'd)

CONTROL GROUP

Food Item* No. Of Items Items Eatend: 6 ik
Distributed No. Percent

ENTREE

Beef W/Barbegue Sauce 28 22 79
Beef W/Gravy 28 22 79
Beef W/Spiced Sauce 28 24 86
Beef Patties 28 23 82
Beef Stew 28 19 68
Chicken Ala King 28 20 71
Frankfurters 28 20 Zl:
Ham/Chicken Loaf 28 27 96
Ham Slices 28 24 86
Meatballs W/Barbeque Sauce 28 7% 82
Pork Sausage Patties 28 21 75
Turkey W/Gravy 28 19 68
STARCH

Crackers (12) 330 229 69
Bean W/Tomato Sauce (3) 82 56 68
Potato Patty (2) 55 30 54
SPREAD

Cheese (5) 138 99 72
Jelly (3) 82 45 55
Peanut Butter (4) 110 67 61
FRUIT

Applesauce 28 2 75
Mixed Fruits 28 20 71
Peaches (2) 55 47 85
Strawberries (2) 55 48 87

51



TABLE 10. Consumption of MRE Food Items by MRE Group and

Control Grouping Using the Estimated Method. (Cont'd)

CONTROL GROUP

Food Item* No. Of Items Items Eatend¥, di
Distributed No. Percent
DESSERT
Brownie (2) 55 48 87
Cherry Nut Cake 28 18 64
Chocolate—Covered Cookie (3) 82 56 68
Fruitcake 28 18 64
Maple Nut Cake 28 20 71
Orange Nut Roll 28 18 64
Pineapple Nut Cake 28 26 93
Chocolate Nut Cake 28 27 96
BEVERAGE
Cocoa Powder (7) 192 66 34
Coffee (12) 330 27 8
Cream Substitute (12) 330 29 9
Sugar (12) 330 27 8
OTHER
Catsup (3) 82 6 7
Gravy Base 28 5 18
Candy (All Kinds) (4) 111 45 40
(Chocolate Fudge) 28 ol 39
(Chocolate Toffee) (2) 55 24 44
(vanilla Fudge) 28 10 36
TOTAL 3337 1364 41

“Numbers 2 through 12 in parenthesis following an item, designate the
number of times an item appeared in a case containing 12 menu packs,
each with a different entree.

**See text for discussion of items not listed as eaten,

e.g. gave away,

saved for later, ate less than half, returned unopened.

Wik tems were classified as eaten if one half or more were caten.
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The day-to-day fluctuations in intake are shown in Figures 2 through 20.
There are considerably larger and more frequent fluctuations in the intakes of
the control group than in the experimental group. (It is interesting to note
that the highest intake of carbohydrate coincides with the only day that rice
was served, and in Hawaii it is generally known that rice is a very highly
consumed carbohydrate food.)

Although mean daily intake of water by both groups was adequate, 2.7 and
3.1 liters by the experimental and control groups respectively, the food-water
and canteen water ratios were 1:9 and l:1 in the two groups. It is striking
that the MRE group, which derived far less water from their food and had less
access to additional beverages than the control group, consumed almost twice as
much water from their canteens than the control group (2383 mL vs. 1462 mL).

Table 11 presents intakes (both in absolute units and in percent) by the
estimated and weighed methods from which the combined method values were
derived.

Overall, the estimated method produced slightly higher levels of intake
than the weighed method in the experimental group but this was less apparent in
the control group. As expected, the combined method (Table 1 and Appendix D)
produced results that were higher than the other two methods.

Comparison of Weighed and Estimated Methods for Assessing Food Intake

The estimated and weighed methods of determining the mean daily intake of
MRE food i<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>